ABSTRACT: Macro-suspension-feeders (predominantly ascidians, sponges, bivalves) and epifaunal suspension-feeders (hydroids, spirorbids, bryozoans, barnacles, amphipods) in Posidon~a meadows of Cockburn Sound, Western Australia, demonstrate a clear spatial distribution. Although this may be due to a number of environmental variables, this compares well with spatial patterns in phytoplankton levels, which are relatively high in Cockburn Sound (0.94 to 2.66 g chlorophyll a I-') and are generally highest at the southeastern boundary. Macro-suspension-feeder biomass was high in Posidonia meadows (28.6 to 41.3 g AFDW m-2 at the southeastern boundary, 9.6 to 15.4 g AFDW m-' dt other sites) and generally lower in bare sed~ment (0.2 to 9.3 g AFDW m-2), although on bare sediment of the Southern Flats (a site in the southwest) the introduced polychaete Sabella spallanzan~~ reaches considerable biomass (458.9 g AFDW m-'). Heterozostera (1.2 g AFDW m2) and Amphibolis meadows (2.3 g AFDW m-') were found at only 1 site each, but appear to support a low biomass of macro-suspension-feeders. Epifaunal suspension-feeders on Posidonia leaves (hydroids, bryozoans, spirorbids, barnacles, corophiid amphipods) reached a substantial biomass (2.3 X 10b feedlng units m-' at the southeastern site; 0.6 to 0.7 x 106 units at other sites; 'feeding unlts' refers to ~ndividual polyps, zooids, etc ) . Amphibolis leaves supported similar numbers of epifaunal suspension-feeders (0.7 X 106 units m-') but Heterozostera supported far lower numbers (80 X 103 units m-'). Initial estimates indicate that the suspensionfeeding assemblages associated with Posidonia and Amphibolis meadows in Cockburn Sound are potentially able to filter the overlying water column daily, and may partially control local densities of suspended organic matter. F~ltration rates in unvegetated and Heterozostera habitats are orders of magnitude lower, so benthic invertebrate control of suspended particles In these habitats is unlikely. However, habitats dominated by the introduced polychaete S. spallanzanii, which has colonised large areas in Cockburn Sound where seagrass meadows have disappeared, have a filtering capacity of at least the same order of magnitude as that of the seagrass meadows they have replaced.
INTRODUCTION
Suspension-feeders are a large component of coastal marine ecosystems, both in terms of biomass and numbers. The term 'suspension-feeder' refers to organisms that feed opportunistically on particles suspended in the water; 'filter-feeders' refers to organisms that gather food through filtering of the water column. These concepts 'E-mail: sjaak.lemmens@per.ml.csiro.au "Present address: CALM-Marine Conservation Branch, Fremantle, Western Australia 6160, Australia are not identical, although the groups largely overlap (e.g. Jerrgensen 1966). Hydroids, for instance, are not, strictly speaking, filter-feeders, but capture individual zooplankton particles directly from the water column. A recent survey of Port Phillip Bay, near Melbourne, Australia, estimated that suspension-feeders comprised half of the benthic macro-invertebrate biomass, and processed a volume of water equivalent to the Bay in about 16.5 d (Wilson et al. 1993) . They were also estimated to ingest 15% of all organic matter ingested by benthic macro-invertebrates, but because they have a greater assimilation efficiency than deposit-feeders, may account for 42% of the total assimilation of organic material by Port Phillip Bay benthic macroinvertebrates (Wilson et al. 1993 ).
With such a capacity for assimilating organic material, suspension-feeders -when abundant -must have an important impact on phytoplankton communities. Cloern (1982) , who showed that suspension-feeding bivalves in south San Francisco Bay (USA) filtered a volume equivalent to that of the Bay at least once daily, suggested that grazing by benthos is the primary mechanism controlling phytoplankton biomass in summer and autumn. Since the depth at which seagrasses grow is largely determined by light, and phytoplankton affect light penetration (e.g. Dennison & Alberte 1982 , Fitzpatrick & Kirkman 1995 , a relationship between the densities of phytoplankton, suspensionfeeders and seagrass is likely.
Cockburn Sound, a coastal embayment near Perth, Western Australia (see Fig. l ), has suffered greatly from the effects of eutrophication: 80 to 90% of its 4000 ha of seagrass meadows rimming the Sound is estimated to have declined (Cambridge 1979 , Simpson et al. 1993 . Although seagrass now occupies only 10Y0 of the area of Cockburn Sound, its communities are considered to provide an important habitat for a range of organisms (Chittleborough 1970 , Wilson et al. 1978 .
High nutrient inputs to Cockburn Sound have been implicated in the loss of large areas of seagrass beds (Cambridge & McComb 1986) . Excessive growth of phytoplankton has increased light attenuation, thereby causing stress to seagrass (e.g. Cambridge & McComb 1986) , which is compounded by the excessive growth of epiphytes on the seagrass (Cambridge & McComb 1986 , Silberstein et al. 1986 ). As seagrass beds may be an important habitat for invertebrates, including suspension-feeders (Chittleborough 1970 , Wilson et al. 1978 , a decline in the beds may also mean loss of habitat and a consequent decrease of invertebrate biomass.
The aim of the present study is to quantify the suspension-feeder component of seagrass meadows in Cockburn Sound, determine spatial patterns in biomass and species composition, and relate these patterns to -largely unpublished -chlorophyll a levels in the water column. Furthermore, the filtering capacity of these communities is estimated.
MATERIALS AND METHODS
sites were chosen because they are widely dispersed along the rim of the Sound (Fig l ) , and because of the close proximity of Sites 1, 2, 4 and 5 to sample sites used by the Western Australian Department of Environmental Protection for monitoring recent chlorophyll a (chl a) levels. These largely unpublished chl a data, collected during summer (December to March) between 1990/91 and 1993/94, were used to determine the distribution of phytoplankton in Cockburn Sound, and describe the food availability to suspension-feeders within the Sound. It should, however, be noted that other particulate organic material such as resuspended organic material, including phytoplankton and other detritus, may form a large food component to suspension-feeders (e.g. Stuart et al. 1982 , Seiderer & Newel1 1985 , Judge et al. 1993 ). The present study did not attempt to determine the contribution of other suspended organic materials to the spatial distribution of suspension-feeders in Cockburn Sound. Cary & Masini (1995) indicated that the chl a distribution in Cockburn Sound is similar in winter and summer.
Chl a concentrations were determined spectrophotometrically by the trichromatic method (Jeffrey & Humphrey 1975) . Approximately weekly data for surface, middle and bottom waters were available for all sites except Site 3 (Fig. 1) At each site, 3 replicate samples of suspension-feeders were collected by means of SCUBA, using a 0.25 m2 quadrate, randomly placed in the respective habitats. All macro-suspension-feeders (ascidians, sponges, crinoids, bivalves, bryozoans, etc.) were collected from the quadrate. In the laboratory the samples were sieved over a 2 mm sieve and stored at --20°C.
Macro-suspension-feeders were sorted to genus and, where possible, species level. Each item was dried to constant weight at -80°C and ashed for 4 h at -550°C to determine ash free dry weight (AFDW).
A smaller quadrate (0.04 m2) was used to sample the epifaunal suspension-feeder component on seagrass leaves, a s well as the infaunal and epibenthic components. All leaf and rhizome material, as well as substrate down to where the roots reached, was collected within this quadrate and later separated into leaf, rhizome and epiphyte components. The dry weight of each was determined to provide a measure of habitat density. A sub-sample of -10 leaves was used to estimate the epifaunal suspension-feeder component. Its density was then related to a 0.04 m2 seagrass surface area through the dry weight ratio of sample and sub-sample. Infaunal and epibenthic suspension-feeders were collected by sieving the substrate over a 2 mm sieve.
Epifaunal suspension-feeders on seagrass leaves (hydroids, bryozoans, spirorbids, barnacles, amphipods, etc.) were counted under a dissecting microscope and identified to species level where possible. Spirorbids, barnacles and bryozoans were measured with a graticule. Of the amphipods, their tubular housings were counted, after ascertaining that the majority of tubes were occupied. Of the colonial organisms (hydroids, bryozoans), the number of polyps and zooids (n) was used as a measure of density. The weight of epifaunal suspension-feeders on seagrass leaves was not estimated.
Data analysis. A nested experimental design was followed (habitats within sites). Spatial patterns in macroand epifaunal suspension-feeders were analysed with a balanced hierarchical ANOVA (Minitab Inc. 1993 ) on each of the phyla as well as on the total of all filterfeeders. Where data were heterogeneous and assumptions for parametric testing were violated (as tested by a Cochran's test), data were log(1 + X ) transformed before analysis (Fowler & Cohen 1990) . All values are expressed in means * SE.
Patterns in mean chl a values were analysed by a 1-way ANOVA and a Tukey test (Fowler & Cohen 1990) . Observations were compared with spatial patterns in suspension-feeders.
Estimated clearance rates. The clearance rate (the volume of water cleared of suspended particles per unit of time) is equal to the filtration rate (the volume of water transported through the filters of the feeding organ per unit of time) when particles are so large that they cannot pass the pores of the filter (e.g. Jlargensen 1966).
Estimates of the clearance rates of suspensionfeeding communities were obtained by combining their mean biomass densities with clearance rates as reported in the literature, although it is recognised that such values are dependent on a range of variables (see 'Discussion'). An average water temperature of 20°C was used for these calculations. Cockburn Sound has a mean winter temperature of 17"C, a n d 22°C in summer (e.g. Pearce 1986) .
Filtration rates of a number of ascidians are available within the literature (e.g. Holmes 1973 , Fiala-Medioni 1974 , R a n d l~v & Riisgard 1979 , Robbins 1983 , Klumpp 1984 , Petersen & RiisgArd 1992 and range between 10.2 and 26.0 1 g-' AFDW d-' for Pyura stolonifera (Klumpp 1984) to 145.7 1 g-' AFDW d-' for Microcosmus sabatieri (Fiala-Medioni 1974) . We applied clearance rates of Petersen & Riisgard (1992) , based on Ciona intestjnalis from European waters: F,,, = 118 DW0.68 + 1.21 (T-15) where F,,,,, is the maximum filtration rate in m1 min-' ind.-l, DW is dry weight in g a n d T is temperature. An ascidian clearance rate of 96 1 g-' AFDW d-' was applied for ascidians in Cockburn Sound (mean ascidian DW: 15 g ind.-l; AFDW: 75 % of DW). Initial estimates of the F,,, of some small ascidians (AFDW: 0.18 g for Polycarpa nipicans, 0.27 g for Pyura australia, 0.39 g for Polycarpa clavata, 0.51 g for Polycarpa viridis) which dominate in the seagrass meadows are between 30 and 120 1 g-' AFDW d- ' (Lemmens et al. 1996) . However, further measurements (Petersen & Lemmens unpubl. data) demonstrate that their F,,,,, may b e closer to those of Ciona intestinalis, while clearance rates per unit of total AFDW of larger ascidians (e.g. Herdmania mornus, Phallusia obesa), which dominate on soft bottom substrate, may b e substantially lower (25-30 1 g-' AFDW d-l), largely due to their relatively heavy theca. Clapin (1996) recently determined the filtering capacity of Sabella spallanzanii under laboratory conditions and found that its filtration rate increases with temperature from 1.7 1 h-' g-' DWbodv at 17°C to almost 4 1 h-' g-' DW,,,.,,., at 22°C (dry welghts expressed as weight of organisms, after removal from their tubes). Body DW in S spallanzanii relates to total DW according to DW ,,,,,, , = 3.92 DW,,,, (Clapin unpubl. data; R' = 0.67) and AFDW ,,,, = 0.66 DW , , , , I (Clapin unpubl.; R* = 0.45). Thus, F,,,,, of 2.7 1 h-' g-' DWbody at 20°C (Clapin 1996) relates to a filtration capacity of -1.04 1 h-' g.' AFDW,,,,, or 25.0 1 g-' AFDW d-I at 20°C. This is considerably lower than that of Sabella penicillus, which reaches 7.44 1 h-' for a 'standard' 65 mg DW S. penicillus, or 114.5 1 h-' g.' DW at 17°C (RiisgArd & Ivarsson 1990) . Adult S. spallanzanii in Cockburn Sound (1.0 to 2.5 g DW) have a conlparable filtering capacity of between 3 and 7.5 1 ind.-' h-' at 22OC, despite their much larger size (Clapin 1996) .
Infaunal polychaetes have a clearance rate of between 2.2 and 88.1 1 g-' AFDW d-' (e.g. Dales 1957 , 1961 , Buhr 1976 , Klockner 1978 , Shumway et al. 1988 , Riisgard 1989 , RiisgArd et al. 1992 ). We applied a mean clearance rate of 23.8 1 g-' AFDW d-' for infaunal polychaetes.
Measurements of the clearance rates of bivalves are numerous (e.g. Haranghy 1942 , J~r g e n s e n 1943 , 1990 , Allen 1962 , Coughlan 1964 , Hughes 1969 . Winter 1969 , Ali 1970 , Widdows & Bayne 1971 , Bayne et al. 1976 1984 , Calahan et al. 1989 , Vismann 1990 , Cole et al. 1992 , MacDonald & Ward 1994 . We used a mean clearance rate of 45.7 1 g ' AFDW d-' (see Wilson et al. 1993) .
Although a number of echinoderms are considered suspension-feeders (e.g. Rutman & Fishelson 1969 , Warner & Woodley 1975 , Labarbera 1978 ), we did not attempt to quantify their clearance rate per unit of AFDW.
Best & Thorpe (1986) estimated epifaunal bryozoan zooids to filter 3.6 to 220.8 m1 zooid-' d-'. Bullivant (1968) calculated a feeding rate of 3.6 to 25.2 m1 zooid-' d-', or 333.6 to 2308.8 m1 g-' DW d-l at phytoplankton densities between 0.9 and 6.8 X 10h cells I-'. We applied a mean value of 24 m1 zooid-' d-' for bryozoans, and l 0 l g-' AFDW d-' (assuming AFDW is 10% of DW).
The clearance rate of sponges was based on measurements by Rilsgdrd et al. (1993) (Pearce 1986 ) so that clearance rates may be substantially hlgher for sponges in Cockburn Sound. Few other data are available on the filtration rate of marine sponges (Reiswig 1971 , 1975 , Frost 1978 , J0r-gensen 1983 , Stuart & Klumpp 1984 , Thomassen & RilsgArd 1995 ; clearance rates of between 40.9 and 134.5 1 g-' DW d-l were measured for sponges (see Thomassen & Riisg6rd 1995) , or approximately 84.3 to 277.1 1 g-' AFDW d-l, when using an AFDW/DW ratio of 2 (see Riisgird et al. 1993 ). We applied a clearance rate of 100 1 g-' AFDW d ' for sponges.
The diet of the Mediterranean hydroid Campanula ever-ta consists largely (88%) of particulate organic matter between 30 and 80 pm in slze, of which, by weight, 54% consisted of zooplankton (Coma et al. 1995) . C, everta consumed 1860 food items p o l y p 1 d-', of which 97% was particulate organic matter other than zooplankton (Coma et al. 1995) . Thus, although hydroids are not -strictly speaking -filter-feeders, they do affect the densities of suspended organic matter. Assuming a mean phytoplankton density of between 160 and 260 cells ml-' for Cockburn Sound (S. Helleren pers. comm.), these hydroids are estimated to clear -10 m1 polyp ' d-l. However, at an estimated particle density of -10 X 10%ells I-' (1.8 yg chl a I-', Fig. 2 ; 180 fg chl a cell-'; Thompson et al. 1989) , hydroids are clearance rate estimates of these organisms are heavily dependent on particle densities and digestion rates. On the other hand, Barange & Gili (1988) estimated that the hydroid Eudendrium racemosum consumes only 4.3 zooplankton items polyp-' d-l Our calculations assume a clearance rate of 1 in1 polyp-' d-' for hydroids. Spirorbid clearance rates are based on Dales (1957) , who estimated the clearance rate of S~irorbis borealis (mean wet wt: 0.24 mg ind.-l) to be 0.23 m1 i d -' h-', or 55 m1 spirorbid-' d-', but did not provide a correction for size differences or water temperatures.
Estimates of barnacle clearance rates were based on Anderson (1981) , who re- Table 1 . Analysis of variance for macro-filter-feeder biomass (g AFDW m-2) for 5 sites and 3 replicates from 2 habitats (Posidon~a meadows; bare sediment) for each of the 6 phyla as well as the total number of filterfeeders. All data were log(x + 1) transformed. The variance between replicates over all invertebrate groups was relatively low and has been om~tted from the Shillaker (1977) estimated pumping rates of the tubulous amphipod Corophium bonelli (body length -3.5 mm) to be between 6.0 and 7.4 m1 h-' and of Lembos websteri (body length -4.3 mm) between 0.7 and 1.3 m1 h-', while pumping between 51 and 86% of the total time, at water temperatures of 9.5 to 1 1°C (no conversion for water temperature is given). These rates are, surprisingly, comparable to those of the much smaller cladocerans and copepods (see J~lrgensen 1966) . A mean clearance rate of -39.4 m1 d-' was applied for amphipods.
RESULTS

Chl a levels
A consistent trend was evident in summer chl a concentrations throughout Cockburn Sound between 1990 and 1994 (Fig. 2) . Between 1990 and 1994, Site 2 had consistently lower concentrations than the other sites measured in that year (no data are available for Site 3, Buchanan Bay). This difference was significant in 1990/91 and 1993/94, and in pooled dates over 1990-94 (Fig. 2) . It corresponds to a simple differentiation between northwestern (Site 2; Luscombe Bay) and southeastern sites (Sites 1, 4 and 5; Woodman Point, Southern Flats and Kwinana respectively) and is likely to be related to nutrient releases in the southeast of the Sound. No significant differences were apparent among the southeastern sites in any of the years.
On the basis of all 4 summers' data, the mean concentration at Site 2 (Luscombe Bay) was 0.85 pg l-' and was significantly (ANOVA, p < 0.0001, n = 32) lower than the concentrations at the other sites (1.82, 1.89 and 2.22 pg 1-' at Sites 5, 4 and 1, respectively; Fig. 2 ).
The mean biomass of macro-filter-feeders in the Posidonia meadows was 21.9 g AFDW m-2, which is significantly (Table 1, Fig. 3 ) higher than that for bare sediment (3.0 g AFDW m-2; Fig. 4 ). Although overall differences among sites were not significant, differences in the biomass of ascidians (p = 0.004), annelids (p = 0.003), and echinoderms (p = 0.011) were significant (Table 1) . Furthermore, Posidonia meadows were significantly different from 'bare' sediment in ascidian (p < 0.0005), sponge (p < 0.02) and echinoderm (p < 0.005) biomass; among-habitat differences were not significant for bivalves, annelids and bryozoans (p > 0.05) ( Table 1) .
Ascidians dominated in Posidonia meadows at Site 1 (Woodman Point), Site 3 (Buchanan Bay) and Site 5 (Kwinana); ascidian biomass was at least twice as high at Kwinana (Site 5: 35.8 + 3.3 g AFDW m-') than at the other sites (Fig. 3) . Herdmania rnomus was the dominant ascidian at Woodman Point (Site l ) , Buchanan Bay (Site 3) and Kwinana (Site 5). The ascidian genera Wells 1978 , Hutchings 1982 for species) were common at the Southern Flats (Site 4) but less common in Posidonia meadows at other sites (Fig. 3) . The bivalves Pinna bicolor, Cardita incrassata and Paphies elongata made up a considerable biomass at Luscombe Bay (Site 2) and Kwinana (Site 5; Fig 3) . Epibenthic bryozoans were only important at Woodman Point (Site 1). A range of infaunal annelids (predominantly Neireida, Nephytidae) dominated in most bare sediments, although bivalves (l? bicolor, C. incrassata, P. elongata) and ascidians (e.g. Polycarpa viridis) were common at Sites 3 (Buchanan Bay) and 5 (Kwinana) (Fig 4) Variance between replicates was relatively low (~5 % of total variance; Table 1 ). There was a weak linear correlation between seagrass biomass and macro-filterfeeder biomass (r2 = 0.46), and between rhizome biomass and macro-filter-feeder biomass (r2 = 0.33). During the present study it was discovered that at the Southern Flats (Site 4) a large area previously occupied by seagrass meadows was densely covered and bivalves (predominantly Pina bicolor.; 34.5 * 34.3 g AFDW m-2) were also abundant within this habitatfar more abundant than in the nearby Posidon~a meadows (Fig. 3) . Well-developed Amphibolis and Heterozostera beds were found only at Site 2 (Luscombe Bay) and Site 1 (Woodman Point) respectively. Heterozostera at Woodman Point (Site 1) supported a substantially lower biomass of large suspension-feeders than the Posidonia meadows at this site (1.2 and 28.6 g AFDW m-' respectively; see Fig. 3 and Table 51 , while both Amphibohs and Posidonia at Luscombe Bay (Site 2) supported low numbers of macro-suspension-feeders (2.3 and 9.7 g AFDW m-2 respectively; see Fig. 3 and Table 5 ). Small annelids were dominant in Heterozostera at Woodman Point (Site l . 0.9 * 0.9 g AFDW m-') and Amphibolis at Luscombe Bay (Site 2: 1.2 2 0.8 g AFDW m-2). 
Epifaunal filter-feeders
The numbers of epifaunal filter-feeders on Posidonia leaves was high, compared with the number of macro- Differences in epifaunal densities on Posidonia leaves were highly significant between sites for barnacles (predominately Eln~inius sp.; p i 0.0005), spirorbids (p < 0.005) and amphipods ( p < 0.0005; Table 4), although there were fewer spirorbids and barnacles than hydroids. Hydroid densities were higher at Kwinana (Site 5: 2.27 X 106 + 0.52 X 10' polyps m-') than at the other sites (mean: 0.45 X 106 + 0.06 X 106 polyps m-2; Fig. 5 ), but the level of significance of differences between sites was low ( p = 0.055; Table 3) . Bryozoans did not demonstrate significant betweensite differences (p >0.05; Table 4 ).
Spirorbids, barnacles and amphipods were abundant on tubes of Sabella spallanzanii from the Southern Flats (Site 4: 4.1 X 105 + 1.1 X 105 ind. m-'). At Luscombe Bay (Site 2) the Arnphibolis meadows supported a variety of epiphytes, with numbers reaching similar densities (7.1 X 105 2.1 X 105 ind. m-') to those on Posidonia meadows at this site (Table 3) . However, Heterozostera meadows from Woodman Point (Site 1) supported considerably lower densities of epifaunal suspension-feeders (total n m-2: 0.78 X 105 +-0.62 X 105) than Posidonia leaves (total n m-2: 7.6 X 105 & 1.5 X 105). Here, hydroids were most important, but samples demonstrated considerable fluctuations between replicates (range: 1.2 X 103 to 1.9 X 10"olyps m-2). 
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Species diversity
The abundance and diversity of macro-suspensionfeeders was relatively high in the Posjdonia meadows (Table 2 ). Only at the Southern Flats did the mean number of organisms in 'bare' sediment exceed that of Posidonia meadows, mainly due to the numbers of infaunal polychaetes.
The species diversity (S) of macro-suspension-feeders in Amphibolis meadows in Luscombe Bay (S = 5) a.nd the Sabella patch on the Sou.thern Flats (S = 9) was comparable to that in Posidonia meadows (range 6 to 11; Table 2 ), but was low in the Heterozostera tasmanica meadows at Woodman Point (S = 4 ) . The species diversity of epifaunal suspension-feeders in Posidonia meadows was relatively constant among the sites (Table 3) , although hydroids dominated at Woodman Point, while at Luscombe Bay all phyla were more evenly represented (Fig. 5 ).
DISCUSSION
Chl a levels in Cockburn Sound
The chl a concentration displayed a consistent gradient, from low in the west to high in the east of Cockburn Sound. The east-west chl a gradient was a consistent feature over the 4 summers for whlch data were collected. An almost ident~cal chl a gradient was observed in the Sound as far back as 1977 (Chiffings & McComb 1981) . Several reports (e.g Cary et al. 1991 , Lavery 1994a attributed this distribution pattern to the location of the nutrient sources in the southeast corner of the Sound and a wind driven counter-clockwise water current within the Sound under typical summer sea breeze conditions (e.g. Steedman & Craig 1983) Industrial waste is discharged on the eastern side of the Sound, while the western side (bordered by Spatial patterns in suspension-feeder densities Clear spatial patterns were observed in suspensionfeeding communities. In Posidonia meadows the highest densities of macro-suspension-feeders were observed at the eastern sites (Woodman Point and near Kwinana; Sites 1 and 5), while the highest densities of epifaunal suspension-feeders were near Kwinana. This spatial pattern positively corresponds to a large extent with levels of nutrient enrichment (expressed in chl a concentrations) in the water and a high epiphyte biomass on the seagrass leaves (Silberstein et al. 1986 , Borowitzka & Lethbndge 1989 . Nutrient enrichment is generally highest in the southeastern section of Cockburn Sound (e.g. Cary et al. 1991) .
It seems plausible that the spatial patterns in nutrient inputs, phytopla.nkton, epiphyte biomass and suspension-feeding communities are related; a significant relationship between nutrient loads and chl a levels in Cockburn Sound has already been demonstrated (Cary et al. 1991 ; also see Chiffings 1979) . Furthermore, a n increase in suspended organic material, including phytoplankton, would be able to support a higher biomass of suspension-feeders. They, in turn, would affect the densities of suspended organic material, as in San Francisco Bay (Cloern 1982) .
However, since the western and eastern parts of Cockburn Sound dlffer in a wide range of variables, including wave exposure a n d invertebrate recruitment rates, and suspension-feeders also feed on other particulate organic matter (e.g. Stuart et al. 1982 , Seiderer & Newell 1985 , Judge et al. 1993 , suspension-feeder biomass cannot simply be linked to one particular variable such a s chl a levels. Furthermore, such a relationship would be difficult to establish in the field.
Filtering capacity of suspension-feeding communities
Ecological data on the biomass of the main suspension-feeders in a marine habitat can be combined with physiological data on the filtrat~on capacity of the animals to estimate the filtering capacity of the habitat (e.g. Petersen & Riisgdrd 1992) . However, the filtering capacity of suspension-feeding communities is dependent on such factors as species-specific differences, water temperature, animal size, food concentrations, environmental conditions, flow rates, the boundary effect (where flow rates decrease near the substrate), stratification, etc. (see Bayne et al. 1976 and Riisgard & Larsen 1995 for overviews) and seasonal changes in the biomass of suspension-feeders. Other sources of error in estimating the filtration capacity of marine habitats may result from particle size selection (e.g. sponges generally ingest smaller particles than other suspension-feeders; Reiswig 1975 , Stuart & Klumpp 1984 . Most measurements of filtration rates in the literature are of temperate organisms from the northern hemisphere, although a number of studies on ascidians, sponges and bivalves from southern Africa (which has similar environmental conditions) are available (e.g. Griffiths 1980 , Stuart 1982 , Klumpp 1984 , Stuart & Klumpp 1984 , Seiderer & Newel1 1985 , Matthews et al. 1989 . Few data are available on the -often endemic -suspension-feeders from southwest Australia, which may find a n optimum under substantially different environmental conditions (e.g. Lemmens et al. 1996) , so that extrapolation of the available data is necessary.
The time to achieve a 50% decrease in phytoplankton densities is a more correct way of presenting the filterlng capacity of suspension-feeding communities than the volume processed per unit of time, since levels of suspended material do decrease linearly with time. At a given clearance rate (C) and a known water volume (V,,,), the time ( t ) to achieve a 50 O/o decrease in food density (where the final concentration, C,, is 0.5 times the concentration at t = 0, C,,) can be calculated from the formula: C = (V,/t) In(Co/C,) (see Petersen & Riisgdrd 1992 , RiisgArd et al. 1993 ). However, in this calculation it is assumed that there is no replacement of water and complete mixing of the water column; this is rarely the case, as generally a current is present, and both stratification and the existence of a boundary layer demonstrate incomplete mixing of the water column.
The biomass of the invertebrate suspension-feeding groups and their filtering capacities (drawn from the literature; see 'Materials and methods') provide a n estimate of the filtering capacity of the community (Table 5) . However, clearance rates are dependent on a range of variables (see above), so must be used cautiously. Nonetheless, such calculations may demonstrate the relative importance of the various communities in clearing the water column of organic material.
Posidonia meadows can, on average, turn over the equivalent of the water column above them (-5 m water depth or -5000 1 seawater m-* habitat) approximately daily, while communities on bare sediment (-5 m depth) will turn over the water column above them approxin~ately once a month. Suspension-feeding communities in Posidonia meadows have a substantially higher filtering capacity (possibly over 25 times higher; Table 5 ) than those on non-vegetated softbottom substrate ('bare' sediment). This is only to a small extent due to macro-and infaunal suspensionfeeders (24 ' %) of the total filtering capacity; Table 5 ); the more numerous epifauna (hydroids, bryozoans, barnacles and amphipods) are far more important (76% ;  Table 5 ) . Epifauna are uncommon on bare sediment.
Ascidians and sponges are the main rnacro-suspension-feeders in Posidonia meadows (Table 5 ) , whlle bivalves and small, burrowing annelids provide most of the filtering capacity of bare sediment (Table 5) . However, when dense communities of the large polychaete Sabella spallanzanii invade the bare sediment, they substantially enhance the filtering capacity. Sabellid polychaetes at the Southern Flats have a similar filtering capacity to the macro-filter-feeders in Posidonia meadows, although the epifauna on the polychaete tubes provides a substantial part of this filtering capacity (Table 5 ) . Our estimates of the filtering capacity of S. spallanzanii (11.5 kl d-' m-2 a t 20°C) compare well with more detailed recent estimates by Clapin (1996) , who estimated these polychaete communities on the Southern Flats of Cockburn Sound to represent a filtering capacity of 23 kl d-' m-2 in summer (22°C) and 10 kl d-' m-%n winter (17OC). However, other organisms wlthin these communities more than double the total filtering capacity to about 26 kl d-' m-2 (Table 5 ). 0u.r estimates indicate that S. spallanzanii communities at the Southern Flats possibly turn over the water column above them (-5 m) several times daily and constitute a considerably higher filtering capacity than the Posidonia meadows they have replaced.
Ampl~ibolis and Heterozostera meadows were found at only 1 site each. The Amphibolis meadows at Luscombe Bay constitute a s~milar filtering capacity to that of Posidonia meadows (Table 5 ) and will turn over the water column above them (-5 m ) in about a day. However, due to n~orphological differences between Posidonia and Amphibolis, there are differences in the ratios of the various epifaunal suspension-feeders: a t Luscombe Bay bryozoans and hydroids are more common on Amphibolis leaves (Table 5 , Fig. S) , possibly because they tend to be more common near the leaf sheaths (J Lemmens pers, obs.), which are more favourably placed in the water current than in Posidonia (see remarks by Keough 1986 "lapin (1996) ; see 'Materials and methods' 'Compilation of data from range of publications: Dales (1957 Dales ( , 1961 , Buhr (1976) , Klockner (1978) , Shumway et al. (1988) , RiisgArd (1989 RiisgArd ( , 1991 ' Bullivant (1968) Wejswig (1971, 1974, 1975) . Frost (1978 ), Jargensen (1983 Hydroids and amphipods are few, as are macro-filter-feeders, while infaunal polychaetes are relatively rare within these meadows. If complete mixing of the water column occurs, these communities are estimated to turn over the water column above them (-5 m) approximately twice a month, slightly more than unvegetated substrate (Table 5 ). Although our biomass data, especially on epifaunal organisms, are based on small samples, were collected on 1 occasion only (September 1994), and have relatively high error margins (see Table 5 ), they give an indication of the contribution of the various components to the total filtering capacity of the communities in Cockburn Sound. In the Posidonia meadows, for instance, the epifauna (-1 X 106 ind. m-') are estimated to provide about 76% of the total filtering capacity of these meadows (-6 kl m-2 seagrass meadow d-l; Table 5 ). The epifaunal suspension-feeders make a n unexpectedly high contlibution to the total filtering capacity.
Although hydroids are not, strictly speaking, filterfeeders, and our estimates of their filtering capacity (Table 5) are disputable (see 'Materials and methods'), they may have a substantial impact on densities of suspended organic material. Coma e t al. (1995) noted that, for example, the hydroid Carnpanularia everta -on the algae Halimeda tuna in the western Mediterranean Sea -may ingest approximately 4 X 10"rey m-2 d-' in summer a n d 8 X 105 prey m-2 d-' in winter or 1528 mg C m-2 yr-', 88% of which may be detritus rather than zooplankton.
The biomass of the deep basin ( > l 0 m ) of Cockburn Sound is dominated by molluscs (89.6 % of individuals; 72.2% of biomass), of which 95.7% are infaunal suspension-feeders (Wells & Threlfall 1980) . Polychaetes and crustaceans together make up a further 20.3 % of the biomass (Wells 1978) . These organisms have a biomass of between 336 and 2027 g wet wt m-' (Wells & Threlfall1980) and may thus add considerably to the total filtering capacity of Cockburn Sound. Jetties and pylons also support a considerable suspension-feeder biomass -with a substantial filtering capacity -which thus far has largely been overlooked (e.g. Clapin 1996) .
Differences between habitats in density of suspension-feeder communities
The shallow-water soft-bottom communities in Cockburn Sound have different suspension-feeder communities. Posidonia communities support a far higher biomass in suspension-feeders than unvegetated soft-bottom substrates: sufficient to turn over the water column above them in less than a day (at least potentially), which would have a considerable impact on local concentrations of suspended organic matter (Table 5) . Suspension-feeders associated with unvegetated soft-bottom substrate, on the other hand, are unlikely to have a significant impact on local concentrations of suspended organic matter, except where they have been invaded by the introduced polychaete Sabella spallanzanii (Table 5 ). These observations correspond with other reports. In Princess Royal Harbour, Albany, Western Australia, for example, the loss of seagrass meadows has resulted in a decline in the benthic marine invertebrate biomass by 82 %, from 1937 to 340 t, although most of these were gastropod molluscs and crustaceans (Kirkman et al. 1991 , Wells e t al. 1991 .
Limited data on Amphibolis and Heterozostera meadows indicate that the former may have a similar filtering capacity to Posidonia meadows, although largely through the high densities in bryozoans a n d other epifauna: macro-suspension-feeder biomass is relatively low in both Posidonia and Amphibolis meadows at Luscombe Bay (Table 5 , Fig. 3 ) Heterozostera meadows have a far lower filtration capacity than both Posidonia a n d Amphibolis meadows -similar to unvegetated substrate (Table 5 ) -d u e to their lower biomass of suspension-feeders. This may be due to the relatively small leaf area of Heterozostera, resulting in less substrate for epifa.una1 suspension-feeders. In addition, Heterozostera occurs in Cockburn Soundwhere it is often associated with Halophila -in relatively coarse and unstable substrates where epifauna may b e subject to abrasion. The biomass of suspension-feeders is generally not constant over time. Highest hydroid densities in southwest Australia are reached during August, when water temperature is beginning to rise from a winter low of -16°C (Watson 1992 ). The present data set only provides an estimate of suspension-feeder biomass in winter. These may be quite different from the biomass in summer.
The importance of suspension-feeding communities in controlling phytoplankton levels in shallow, semienclosed environments has been suggested by a number of studies (e.g. Buss & Jackson 1981 , Cloern 1982 , Frechette & Bourget 1985 , Dame et al. 1989 , Asmus & Asmus 1991 , Hily 1991 , Alpine & Cloern 1992 . However, our study suggests that epifaunal suspensionfeeders may have a far greater filtering capacity than generally accepted (Table 5) .
The vertical distribution of seagrass is to a considerable extent determined by light penetration (e.g. Backman & Barilotti 1976), so factors affecting light penetration (depth, concentration of suspended organic and inorganic material, epiphytic growth) play a large part in determining the distribution of these seagrasses Seagrass meadows (Posidonia and Amphibolis) support high densities of suspension-feeders which -by feeding on phytoplankton and other suspended particulate organic matter such as detritus (e.g. Stuart et al. 1982 , Judge et al. 1993 ) -could improve light penetration, thereby partly counteracting the negative effects of eutrophication on the vertical distribution of seagrasses (although excessive epifauna itself can reduce light penetration to the leaves). It is uncertain if suspensionfeeders are also capable of controlling settlement of epiphytes on seagrasses, by reducing the densities of algal spores in the water column. However, loss of Posidonia and Amphibolis meadows leads to a considerable loss of suspension-feeder communities, thereby compounding the negative effects of eutrophication and further complicating revegetation by seagrasses. Pioneer species such as Heterozostera and Halophila support a fraction of the invertebrate suspensionfeeders in Posidonia and Amphibolis meadows.
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